Abstract Engraved slate plaques are a common part of the grave goods found in the Late Neolithic-Copper Age I megaliths of the southwest of the Iberian Peninsula (~3500-2700 cal BC). These objects have received a great deal of attention, since they are the first symbolic figurines to have become widespread in the Iberian Peninsula (almost 4000 plaques are estimated to be known today). Most previous studies, even from different and opposing archaeological perspectives, have highlighted the anthropomorphic nature of these plaques. The hypotheses regarding the evolution of their anthropomorphism and possible function have been diverse, yet there is a noteworthy absence of taxonomical studies in which the diversity and stylistic sequence of these symbolic objects have been systematically approached. This paper puts forward several models for the evolution of the anthropomorphism of the engraved plaques, based on cladistics and occurrence seriation. The results are then analyzed in conjunction with the currently available chronological and stratigraphic information. The paper concludes with a proposal of the most probable typology and its sequence, leading to a better understanding of the diversity and evolution of the plaques. Beyond this particular phenomenon, this paper provides insights into the study of the evolution of the symbolic representation of the human figure, through the development of an innovative methodological protocol.
Introduction
The Neolithic engraved plaques of the southwest of the Iberian Peninsula are most often made of slate. Less frequently, they are created in schist and sandstone (Fig. 1) . Their distribution covers the entire southwestern sector of the Iberian Peninsula (Fig. 2) , where they are recovered primarily from the funerary contexts of~200 sites: megaliths, natural caves, shelters, artificial (rock-cut) caves, and tholoi tombs. The available radiocarbon dates range from 3468 to 2747 cal BC 1 , although most plaques are dated from the last quarter of the fourth millennium BC to the early second quarter of third millennium BC, that is, to the Late Neolithic-Copper Age I periods. The material culture found alongside the plaques usually comprises undecorated pottery and lithic tools (polished stones axes, knapped flint blades, geometric forms, and projectile points).
The study of these engraved plaques began in the last quarter of the nineteenth century, but in recent years, they have been the object of renewed interest and the center of ongoing discussions (cf., Lillios 2008, p. 19ff.; García Rivero and O'Brien 2014) .
Most researchers have suggested a lineal stylistic evolution of the engraved plaques over time, based on the anthropomorphic figure. Abstract specimens with purely geometric motifs have been assigned to one end of that line, and very realistic anthropomorphic specimens to the other (Fig. 3) . Several specialists have argued in favor of the hypothesis by which the most anthropomorphic forms would have evolved to geometric ones through a process of simplification (e.g., Frankowski 1920, p. 22; Almagro 1966, p. 38; Almagro Gorbea 1973, p. 340; Gonçalves 1978) . Many other specialists have suggested that the geometric types are the oldest and that these gradually evolved into more realistic anthropomorphic figures (e.g., Correia 1917; Rodrigues 1986, p. 21, 53; Gonçalves 1989 Gonçalves , 1992 . The most important traits considered in these approaches have been the overall shape of the plaque and the way in which the most noteworthy symbols of the human figure are represented: the head, eyes, nose, and arms. It has often been assumed that these traits are a reflection of the evolutionary degree of anthropomorphic representation displayed by the plaques. Trapezoidal or rectangular shapes have been related to abstract plaques, while composite shape has been associated to a more precise representation of the human figure. Similarly, the head, eyes, nose, and arms are rarely present on geometric plaques but are quite realistic in more anthropomorphic plaques.
However, the study of engraved plaques has also envisaged a much less progressive and ordered process in which a clear temporal stylistic polarity did not take place. Among them, V. Correia (1917, p. 111 ) suggested a general direction from rectangular plaques to composite plaques, but he did not exclude the possibility of regressions, such as a transition from anthropomorphic figures to very abstract ones. E. Frankowski suggested a general process of gradual disappearance of the human figure (Frankowski 1920, p. 25) , although he suspected that the entire assemblage of plaques need not have changed under a single, same line of change. The figures that illustrate his work (cf., Frankowski 1920, Fig. 2) showed different sequences of change. Several decades later, O. da V. Ferreira (1973) proposed the trapezoidal plaques as the earliest, but he did not exclude their possible synchrony with the anthropomorphic plaques, at least in some cases. G. & V. Leisner suspected that geometric and much more anthropomorphic plaques could both have been simultaneous, and they insisted on the inexistence of a single evolutionary line of change for all of the types of plaques (Leisner and Leisner 1985, p. 134) .
More recently, it has been argued that the (decorative) diversity of plaques has nothing to do with chronology, but rather the different types of plaques must be understood in terms of symbolic expressions related to different specific geographical areas (Bueno 1992; Hurtado 2009; Calado 2010) . However, the relative chronology of the plaques has been explored by K. Lillios, who has proposed a relative sequence of the different geometric decorative motifs that appear within the lower area of the plaques (2008, p. 156ff.) .
This debate surrounding the study of engraved plaques has been entirely dominated by an essentialist typological perspective and, with rare exceptions (Rodrigues 1986) , there is a complete lack of taxonomical studies that have worked systematically on the diversity and evolutionary sequence of the engraved symbolic motifs of the plaques. The taxonomic task is particularly important in this case, since the detailed stratigraphic information available remains very scarce.
The main aim of this paper is to draw up the most probable (parsimonious) sequence for the development of the characters and types displayed by the engraved plaques, in order to consider the evolution of anthropomorphism. In particular, this study addresses the question of whether there is a clear lineal polarity to this anthropomorphic symbolism and, if so, which direction of change would be more likely-that is, if the realism of the representation of the human figure was accentuated or diminished in the production of plaques over time, or rather than a lineal sequence, some other more complex patterns of change were at work.
To this end, we have first carried out a deductive approach to the dataset by means of two taxonomical methods based on different theoretical models of historical change: anagenesis and phylogenesis. The anagenetic model assigns all change to Fig. 3 Hypothetical model of the most widely accepted understanding of the evolution of the anthropomorphism of engraved plaques. This is based on an anagenetic (phyletic) model of change. The two arrows indicate the two possible polarities: on the top, from abstract to anthropomorphic plaques; on the bottom, from anthropomorphic to abstract plaques. The archaeological findspots of these plaques are as follows: 1, Comenda da Igreja, Évora; 2, Passo 1, Évora; 3, Palmela 4, Setúbal; 4, Cueva de la Mora, Huelva; 5, Espadanal, Évora; 6, Cebolinho 1, Évora; and 7, Idanha a Nova, Castelo Branco
Archaeol Anthropol Sci (2017) 9:1689-1714 a single line of ancestry, and it is useful here to verify whether the hypothesis of the lineal evolution of anthropomorphism is supported or not by the dataset. Were lineal evolution of anthropomorphism to be supported, the sequence outcome should sort the plaques according to their degree of anthropomorphism. On the contrary, the phylogenetic model acknowledges that ancestry is ramified, or tree-like. The phylogenetic model is therefore applied to explore the hypotheses regarding the possible polarities of the anthropomorphic representations, as well as to generate more complex models of how plaques may have varied and diversified over time. Two hypothetical models of the evolution of the engraved plaques have been considered: from very abstract plaques to realistic anthropomorphic ones, or the opposite direction. If one of these two models took place, the data should output better results and more consistent trees for one model than for the other. Because we are particularly interested in the evolution of anthropomorphism, the features of plaques that are presumably more closely related to the representation of the human figure were selected for analysis. Second, we carried out an inductive analysis and then studied all of the results in conjunction. According to the principle of consilience (Wilson 1998 )-the more convergent the unrelated sources of evidences, the stronger the conclusion-we can compare the different lines of evidence in order to determine which are better substantiated. Finally, the most consistent results were checked independently (with external archaeological information) and were pooled and revised in conjunction with updated radiocarbon dates and stratigraphic information. As we will see, this paper demonstrates the lack of a lineal model (in either of the two possible directions) for the evolution of the anthropomorphism of the Late NeolithicChalcolithic I engraved slate plaques. Rather, it enables us to suggest a complex divergent model for this anthropomorphic symbology, with diverse polarities and different tempos of continuity across several typological lineages.
Materials and data
Figures 4 and 5 show the characters and character states considered in this study. Figure 4 indicates the location of several of the main characters on a plaque. Figure 5 offers examples of specimens for each character state.
SHAP stands for the shape of the plaque. Most plaques are trapezoidal (SHAP1), others are rectangular (SHAP2) or composite (SHAP3). Structure (ST) refers to the horizontal division of a plaque into several main parts. Some plaques have either no division, or this is not sufficiently explicit (ST1). However, it is very common for plaques to be divided into two or more areas (ST2). SS codifies the vertical spatial division of the plaques. Most have no compartmented areas (SS0), but some display a frame around the perimeter of the plaque (SS1) or an empty (un-engraved) centered space (SS2). The head (H) can be absent (H0), or indicated either by an inverted triangle (H1), by an inverted triangle and an appendage (H2), only by an appendage (H3), or it can be clearly figurative (H4). The necklace (NK) can be either completely absent or sketched (NK0), or realistically indicated (NK1). TT stands for the straps or tattoo motifs, usually filling the upper part of the plaque. They can be absent (TT0), indicated by parallel Fig. 4 Location of several of the characters considered in this study on a plaque. This plaque comes from Comenda 2, Évora (Leisner and Leisner 1985, Fig. 11, no. 71) single straps (TT1), by realistic tattoo motifs (TT2), or by any combination of straps, tattoo, or hyperbole motifs (TT3). The eyes (E) can be absent (E0), indicated by engraved circles or drilled holes (E1), or by adding short radiating lines (sun motifs) (E2). The nose (NAR) may be absent (NAR0), sketched (NAR1), or realistic (NAR2). The main decorative motifs (DD) that cover the entire surface or the lower part of the plaque can be absent (DD0), engraved horizontally (DD1), vertically (DD2), slanting (DD3), or in a combination of directions-hybrid (DD4). The arms or hands motif (AH) can be absent (AH0) or present (AH1). Finally, OT indicates the number of engraved sides and the relation between them. Most plaques display a single or two unrelated engraved sides (OT0), whereas others have two engraved sides that make up a single combined composition (OT1). This paper considers the overall assemblage of currently published plaques. Although several individual or groups of plaques remain dispersed throughout the literature, the great majority of known plaques are compiled in the valuable online dataset Esprit (Lillios 2004) , which includes a total of~1500 plaques. Excluding the specimens that do not allow us to correctly codify of all the aforementioned characters (fragmentary cases, lacking illustration in the database, or with misleading evidence of reengraving), we have a set of 1189 plaques. For the purpose of the present study, this dataset was deemed too large to be analyzed because of the number of classes involved (see below). It was therefore reduced to 427 specimens using a 5 % error and a 99 % confidence interval (http://www.med.unne.edu.ar/biblioteca/ calculos/calculadora.htm). This sample is statistically representative of the diversity of the complete dataset. On the basis of the character states considered for this study, a paradigmatic classification was made (Dunnell 1971; O'Brien and Lyman 2000; García Rivero 2010) and only the classes that include three or more specimens were retained, following the protocol developed by previous archaeological studies (O'Brien et al. 2001; García Rivero and O'Brien 2014) . As in these studies, this decision rests on the basis of considering the classes with a minimum number of specimens, which better represent the repetitive patterns rather than the more exceptional ones. The working sample was created by considering only one specimen from each class. The first specimen listed in the dataset was selected as the class representative by default. In this way, the definitive sample includes 29 paradigmatic classes (Table 1) which represent a total of 334 specimens-78.22 % of the initial 427 case dataset. Figure 6 shows the line drawings of the 29 paradigmatic classes. Table 2 summarizes the data matrix considered in the cladistic analyses. The occurrence seriation uses this same data, but the multistate characters are encoded in a binary format in which each character state is transformed into a new character code that takes values 0 or 1 (Table 3) .
Methods
Most previous research on plaques has worked with the anagenetic (or phyletic) model of change, in which the different types of plaques are arranged in a single evolutionary line (cf., Fig. 3 ) and replace each other over time. The sorting technique most commonly used by this model is seriation. For the purpose of this study, we have used the occurrence seriation technique (O'Brien and Lyman 1999), which assumes historical continuity and sorts the material culture (here, the 29 paradigmatic classes) according to the considered character states (Table 3 ). The software OptiPath (http://www. terevaka.net/optipath/Documentation/install.htm. Accessed 27 July 2015) was used, in particular the occurrence seriation based on Manhattan distance. However, the divergent evolutionary model is most commonly applied in biology. Different species can derive from a single ancestor, under the model known as phylogenetic. This divergent-cladogenetic or branching evolution-model reflects the nature of evolutionary change, both in living organisms and in material culture Lyman 2000, 2003; García Rivero 2013) . Rather than assigning all change to a single line of ancestry, as is the case in phyletic seriation, the cladogenetic model recognizes that ancestry is ramified, or tree-like. Thus, evolutionary lineages or branches may become extinct or exist simultaneously, and it is even possible for several branches to remain without any changes over long periods of time, while others evolve quickly.
Phylogenetic reconstruction is currently the main method used to construct testable hypotheses of ancestor-descendant relationships (e.g., Lycett et al. 2007; Cap et al. 2008; O'Leary and Gatesy 2008; Smith and Grine 2008) . The logical basis for extending the use of phylogenetics into archaeology is the same as it is in biology: Artifacts are complex systems, comprising any number of parts that act in concert to produce a functional unit. The kinds of changes that may occur over generations of, say, stone plaque manufacture are highly constrained in the sense that new structures and functions usually stem from the modification of existing structures and functions as opposed to emerging de novo (O'Brien et al. Archaeol Anthropol Sci (2017) 9:1689-1714 2012). Thus, Bthe history of these changes is recorded in the similarities and differences in the complex characteristics of related [objects] -in the extent to which the characteristics of their common ancestors have been modified by subsequent additions, losses, and transformations^ (Brown and Lomolino 1998, p. 328) .
In recent years, phylogenetics has begun to be widely implemented in archeology (e.g., O'Brien et al. 2001 O'Brien et al. , 2002 O'Brien et al. , 2008 O'Brien et al. , 2012 Darwent and O'Brien 2006; Harmon et al. 2006; Collard 2007, 2008; Lycett 2007; Cochrane 2008; Riede 2008; Cardillo 2010; Marwick 2012; García Rivero and O'Brien 2014; Jennings and Waters 2014) and other fields of material culture studies (e.g., Tehrani and Collard 2002 , 2009a , 2009b Shennan 2003, 2009; Shennan and Collard 2005; Jordan and Mace 2006; Shennan 2009; Jordan and O'Neill 2010; Tehrani et al. 2010; Prentiss et al. 2015) .
Phylogenetic relationships are defined in terms of the relative recency of common ancestry: Two taxa are deemed to be more closely related to one another than to a third taxon as long as the former share a common ancestor that is not also shared by the latter. The evidence for exclusive common ancestry is the sharing of evolutionary novelty, as is illustrated in Fig. 7 . In (a), a new character appears in the line that will later split to produce taxa C and D. After the split, both sister taxa exhibit that character, referred to as a shared derived character, or synapomorphy. In (b), a new character makes an initial appearance in the line that will produce B, C, and D. By the time C and D split, the character can be defined as a shared ancestral trait, or symplesiomorphy. It would be impossible to figure out the phylogenetic relationship between B, C, and D by using only that character, because it is shared by all three taxa. In (c), the same new character appears in two distantly Various methods have been used for phylogenetic inference, each based on different models and each with its own strengths and weaknesses (Pol and Siddall 2001; Archibald et al. 2003; Sober 2004; Goloboff and Pol 2005; Holden et al. 2005) . The one used here, maximum parsimony, is based on a model that seeks to identify the smallest number of evolutionary steps required to arrange the taxonomic units under study. In its most simple form, the method consists of four stages. First, a data matrix is generated that shows the states of the characters exhibited by each taxon. Second, the direction (polarity) of evolutionary change among the states of each character is established. One method for this is outgroup analysis (Maddison et al. 1984; García Rivero 2013, p. 137) , which entails examining a close relative of the study group, a so-called outgroup. When a character occurs in two states in the study group, but only one of the states is found in the outgroup, the principle of parsimony is invoked (see below) and the state found only in the study group is deemed to be evolutionarily novel with respect to the outgroup state, thus determining the polarity of the evolutionary change. Applied to archaeological case studies, occurrence seriation can be successfully applied to select an appropriate outgroup (O'Brien et al. 2002) . Third, a branching diagram is constructed that represents the relationships between the characters under study. This is done by joining the two most derived taxa-C and D in Fig. 7 -by two connecting lines and then successively connecting each of the other taxa according to the extent to which they are derived. In Fig. 7 , for example, taxon B is more derived than taxon A. Each group of taxa defined by a cluster of connecting lines corresponds to a clade, and groups of related clades are referred to as trees. More precisely, a clade consists of two or more taxa and their immediate ancestor. In Fig. 7 , there are three clades: C + D + their closest common ancestor, B + C + D + their closest common ancestor, and A + B + C + D + their closest common ancestor. Ideally, the distribution of the character states among the taxa should be such that all of the characters imply congruent relationships. More often, however, a number of characters may suggest relationships that are incompatible due to homoplasy. Figure 7 shows an instance of homoplasy, the appearance of the same character in two lines but not in a third related line. This problem is overcome through the fourth and final stage of the maximum parsimony method. A consensus tree is generated that is consistent with the largest number of characters and, therefore, requires the smallest number of homoplasies to account for the distribution of the character states among the taxa. We refer to such a tree as the Bmost parsimonious^solution. Parsimony trees are evaluated on the basis of the minimum number of character-state changes required, and they constitute hypothetical statements about the taxa relationships, based on the parameters and data considered.
Numerous techniques are available for measuring the degree of agreement between a dataset and a given tree. Consistency index (CI), retention index (RI), and rescaled consistency index (RC) are the most commonly used. The CI measures the relative amount of homoplasy in a dataset but is dependent on the number of taxa. Thus, the expected CI for a given tree must be assessed in relation to the number of taxa used in the analysis (Sanderson and Donoghue 1989) . The RI measures the number of similarities in a dataset that are retained as homologies in any given tree. It is insensitive to both the presence of derived character states that appear only in a single taxon and the number of characters or taxa considered. Thus, it can be compared between studies. The rescaled consistency index (RC) is the product of the consistency index and the retention index. These indices may range from 0 to 1, with 0 indicating the complete lack of fit between a tree and the dataset from which it was generated, and 1 indicating a perfect fit. The characters considered here are all related to the more or less explicit representation of an anthropomorphic figure. They can take different values (character states) depending on the degree of the anthropomorphism of the plaques. Character states can be ordered, which implies that there are defined and limited pathways that a character transformation may take (Slowinski 1993) . For instance, it may be the case that evolutionary Blaws^dictate that an organism can lose or gain only one toe at a time. From initially four toes, an organism could develop a fifth toe or lose one and have but three, but it could never skip either from having five toes to having three, or from having two to four. The character Bnumber of toes,^then, would be said to have ordered character states. Moreover, an ordered transformation series is in itself a hypothesis about a particular pathway because we seldom know what is possible in Nature. The two working hypotheses here regarding the polarity of change are as follows: from very abstract plaques to realistic anthropomorphic ones (hereafter abstract → anthropomorphic), or inversely (anthropomorphic → abstract). But not all of the characters of the plaques are relevant to this matter. For example, the general trapezoidal or rectangular shape of a plaque is not related to the determination of polarity, while the way of representing the head, which may range from the absence of this motif (H0) to its realistic representation being clearly figurative (H4), or vice versa, is strongly related (cf., Fig. 5 ). The states of the characters that are related to the polarity of anthropomorphism (H, TT, E, NAR, AH, and OT) have been ordered. The NK character has not been ordered since the data matrix (Table 2) has no paradigmatic class with value 1. This is supported by the matrix of costs created for each character (Fig. 8) . These matrices establish the cost for every possible transition between the character states that are implemented by the algorithm that searches for cladograms. For example, considering the polarity Babstract → anthropomorphic^for character H, any transition in accordance with this direction, even the nonconsecutive transitions (for example, 0 → 2), is assigned the minimum cost of 1, while any unexpected transition (for example, 4 → 3 or 2 → 0) is given the maximum (penalized) cost of 2. For this reason, all of the matrices are symmetrical, and they are exactly opposite when considering the two possible polarities.
The last important point here, mentioned above, is the choice of outgroup, that is, the choice of the paradigmatic class that will be located at the base of the tree and from which all other classes will develop. For every working hypothesis, the most appropriate outgroup must be determined. In relation to the abstract → anthropomorphic polarity, the outgroup must be as abstract as possible. Class no. 26 and no. 3 were considered the best suited-the former because it displays the greatest number of ancestral states (values 0 in Table 2 ) and the latter because it corresponds to the abstract plaques that many specialists have named Bclassic^and have suggested as the oldest type (e.g., Gonçalves 2003b Gonçalves , 2004 Lillios 2008) . In relation to the Banthropomorphic → abstract^polarity, the outgroup must be as anthropomorphic as possible, that is, the classes with the higher values (farthest from 0). Following this criterion, class no. 105 and no. 356 were selected as the more appropriate for this hypothesis (Table 2) .
Four different exercises were carried out on the dataset (Table 2) . Each exercise corresponds to a single combination of polarity and outgroup. The exercises searched for the bestsupported tree using the Bparsimony heuristic search^in Paup 4.0 (http://paup.csit.fsu.edu/. Accessed 27 July 2015) ( Table 4 ). All searches were carried out using the stepwiseaddition strategy for the addition of classes, with a simple addition sequence and retaining only one tree at each step; the tree bisection and reconnection method, with the branchswapping algorithm for the tree rearrangements; and a maximum set of 100 for the initial trees. For each exercise, a Figure 9 illustrates the outcome of the occurrence seriation. Because the seriation does not assume a particular polarity, the outcome can be read in both directions. Most anthropomorphic plaques appear at both ends of the seriation (see class nos. 273, 356, 149, and 1 at one end, and class nos. 105, 234, 211, and 201 at the other). This observation is contrary to the expectation and therefore refutes, on the basis of current data, the hypothesis of a lineal evolution of the representation of the human figure on the engraved plaques. Table 5 includes the following scores for each parsimony heuristic search: branch length of trees, consistency index, retention index, and rescaled consistency index (cf., Forey et al. 2002, p. 72ff.; Wiley et al. 1991, p. 71ff.) . The parsimony scores are very similar between all of the exercises in such a way that there is not enough evidence in favor or against either of the two polarities of change or any of the possible outgroups. The retention index values indicate some coherence and phylogenetic structure within the dataset, but the consistency index values display a very low agreement between the dataset and the trees. This indicates that neither of the two hypothetical models (from very abstract plaques to realistic anthropomorphic ones, or inversely) is well supported by the data and that this analysis provides further evidence against a progressive lineal evolution of the anthropomorphism of plaques.
Results
Figures 10, 11, 12, and 13 show the majority consensus trees. The exhaustive analysis of the structure and topology of these trees enables a number of relevant observations. As can be seen (Figs. 10, 11 , 12, and 13), the more systematic groups (arranged according to how repetitive they are) are class nos. 251, 342, and 219 (clade h); class nos. 105, 211, 
clade l).
Clade h is characterized by the complex decoration on the lower part of the plaques (DD4) and corresponds to the type named hybrid (Gonçalves 2003b (Gonçalves , 2006 or variant (Lillios 2008 ) by other authors (Fig. 14) . Clade c is characterized by a composite shape (SHAP3) with an appendage for the head (H3). This clade would include the types described as hoe, strappy, and maybe also biomorph simple by Lillios (2008, p. 59ff.) . This kind of plaque has more generally been named composite (Almagro Gorbea 1973, p. 181ff.; Gonçalves 2003b, p. 251) . Clade f is characterized by a figurative head (H4) and tattoo (TT2), and partly by a single composition on both sides of the plaques (OT1). Several authors have previously described these as plaques with facial symbols (Leisner and Leisner 1985) , geometric plaques with tattoos (Gonçalves 2004, p. 172ff.) , or biomorph whiskered plaques (Lillios 2008, p. 70) . Clade u is characterized by a unipartite or transitional structure (ST1). In the literature, these are known as continuous decoration plaques (Rodrigues 1986 ), plaques with no distinction areas (Gonçalves 1992) , or unipartite plaques (Lillios 2008, p. 59 ). Clade l is characterized by a headless (H0) and bipartite structure (ST2). This kind of plaque has never been defined as a type in previous studies and has usually been grouped within other more general types such as the unipartite (Lillios 2008) . It is of great interest that our approach has systematically grouped these plaques as a different type. The rest of the classes are not systematically sorted into well-defined clades. They correspond mainly to plaques that authors have previously named classic plaques (for example, class nos. 2, 3, and 10-indicated by the letter s in the trees) and loucas (Gonçalves 2003a) or peculiar geometric plaques (García Rivero 2010, Evolución cultural y filogenias en Arqueología. El caso de los denominados ídolos placa prehistóricos del Suroeste de la Península Ibérica. Unpublished doctoral thesis, University of Seville, p. 452) (for example, class nos. 4, 91, and 134-indicated by the letter p in the trees).
The analysis of the relationship between clades is interesting in order to deduce ancestry patterns. First, both anthropomorphic → abstract polarity trees have almost the same structure (Figs. 12 and 13) . With the exception of the interchanged positions of the clades c (composite plaques) and f (figurative head plaques) at the base, the rest of the trees are identical. This indicates a kind of convergence that may reflect the consistency of the phylogenetic structure of this polarity model. Tree with class no. 356 as its outgroup (Fig. 13) may help solve the basal area a little better. The stable ancestry pattern for this polarity is as follows: From the most anthropomorphic plaques (types f and c), the headless bipartite plaques (l) would evolve, along with several peculiar geometric plaques (p) and Fig. 9 Occurrence seriation result. The order can be read in both directions, either from top to bottom or in the opposite direction Archaeol Anthropol Sci (2017) 9:1689-1714 a further more hierarchical group, which assembles the classic plaques (s) through a polytomy, together with the hybrid plaques (h) and a clade that includes several peculiar geometric plaques at its base and the unipartite plaques (u).
Second, the abstract → anthropomorphic polarity trees ( Figs. 10 and 11 ) display more different structures. They both have abstract plaques as ancestors, but the order in which the clades appear along the trees is almost reversed. The clades that appear at the base of Fig. 10 are located close to the tips of Fig. 11 , whereas those located close to the tips of Fig. 10 appear at the base of Fig. 11 . The tree with class no. 3 as its outgroup (Fig. 10) has a basal polytomy that groups together the plaques s, a clade of plaques p, type h, and a more hierarchical clade that includes several plaques p, type f, and another derived clade containing several plaques p and a polytomy with types l, u, and c. In contrast, the tree with class no. 26 as its outgroup (Fig. 11) has type u on the base followed by a polytomy that assembles types l, c, and another hierarchical clade with several plaques p at its base, followed by a polytomy with type f and a derived clade that contains plaques s and p, and type h.
As a final remark before closing this section, we must recall the result of the occurrence seriation. As can now be highlighted in colored brackets (Fig. 15) , all of the clades suggested by the phylogenetic trees remain stable in the seriation. This provides further support for the proposed typology. In the seriation, the order of plaques is (beginning by default from the top) as follows: type f, plaques s, type h, plaques p, type u, type l, and type c.
Discussion
The strong taxonomical relationships between the different types of plaque can be discussed here according to the results presented above. The strongest relationship, which is supported by the phylogenetic trees and seriation, is established between type h, plaques s and p. The latter, plaque p, usually appears close to types f and l in most of the trees. The second strongest relationship indicated by the trees as well as by seriation is between types u and l. Beyond these, there are several relationships that are supported by two of the four trees and by seriation: between types c and l, and type u and plaque p. Finally, there are other relationships that are only supported by two of the four trees: between types h and u, types f and c, type u and plaque s, and type l and plaque s.
The search for ancestry patterns taking into account the polarity of trees depends on the assumed outgroups. In the previous section, we noted that there is some stability in the anthropomorphic → abstract hypothesis, from which the outcome model can be summarized as follows (cf., Figs. 12 and 13): type f/type c → p/type l → s/type h → p/type u. The seriation outcome (Fig. 15) , however, places the two most anthropomorphic types (c and f) at both opposite ends, and the other types occupy apparently random positions. Seriation therefore does not support with any great assurance the choice between types c and f as the best outgroup. The two trees obtained from the abstract → anthropomorphic polarity model are not alike (Figs. 10 and 11 ) yet support the following double polarity outline: s/type h ↔ type f ↔ type c/type l/type u. In general, the seriation outcome agrees better with the tree that considers class no. 3 as its outgroup (Fig. 10) .
There are other observations also supported by the majority of the data. For instance, there is a confluence indicating that type u is usually located close to the tips of trees (Figs. 10, 11, and 13) , and another convergence suggesting the relatively late position of plaques s and type h (Figs. 11, 12, and 13) .
Each of these inferences can be analyzed in conjunction with the available radiocarbon dates and stratigraphic information. Table 6 shows all of the currently available radiocarbon dates for contexts associated with plaques. The archaeological sites are arranged from top to bottom according their age (RCYBP Date). As it can be seen in the BReference plaque picture^column of this table, many of the plaques belonging to the dated contexts are unfortunately of unknown type. In those cases in which we have access to a picture and/or a full description of the plaque, we have labeled each plaque according to our proposed typology (see BPlaque type^column). There are several plaques, even with available pictures, for which it is too risky to assign any of our types due to the specific characters considered here. These cases are classed as Indeterminate in the Plaque type column.
Finally, we may highlight and analyze the following nine inferences and points of discussion previously formulated on the basis of the results derived from our dataset, in conjunction with the more general archaeological information (radiocarbon dates and stratigraphy) provided by the overall assemblage of engraved plaques from Southwestern Iberian Peninsula:
1. The relationship between type h, plaques s, and p. The plaques s appear during almost the entire available chronological span, especially between 3173 and 2747 cal BC at Cova das Lapas I (Leiria) and Olival da Pega 2b (Évora) (cf., Table 6 ). Unfortunately, we do not know the type of the plaque from Gruta 2 da Marmota (Santarém). The plaques p are dated between 3050 and 2897 cal BC at Gruta da Lapa do Fumo (Setúbal) and Anta da Horta (Portalegre). The type h is dated between 2897 and 2792 cal BC at Anta da Horta and Olival da Pega 2b. Most dated contexts with plaques s have also plaques p and type h. Moreover, plaques p and type h are found along with plaques s in most of the archaeological sites and levels of the overall assemblage of plaques. See, for instance, the group recovered from the Reguengos de Monsaraz area (cf., Gonçalves 2003b, Table 2 ). 2. The relationship between plaques p and type l.
There are no radiocarbon dates for type l. Jazigo de Alcarapinha (Portalegre) is the only site of our study sample in which both type l and plaques p have been found. , among others), the relationship between types l and p is documented in approximately half of the cases. 3. The relationship between types u and l. As noted above, Jazigo de Alcarapinha is the only site of our study sample where both type l and, in this case, type u have been found together. However, the relationship between these two types is documented in approximately a quarter of the cases represented by the overall assemblage of engraved plaques. 4. The relationship between plaques p and type f.
Unfortunately, there is no radiocarbon information for type f. At the archaeological sites with type f and other associated plaques (for instance, Santa Bárbara, and areas, and rarely in the Évora district (cf., Fig. 2 ). Type f is found in Évora and Portalegre, but also in Beja, Huelva, Leiria, Lisboa, Setúbal, and Seville. Ferreira et al. 1975) , the only evidence against the model is the later position of type l in relation to plaques s, and types u and h. 7. The evolutionary relationship between different types of plaques according to the abstract → anthropomorphic polarity model. The summarized proposal for the tree based on class no. 3 (classic) as its outgroup (cf. Fig. 10 2006, p. 136ff.) , except for the late position of the hybrid plaque. At Pedra Branca (Setúbal) (cf., Ferreira et al. 1975) , the only evidence partly against the model is the early appearance and quantity of type u plaques in the Comparison between the cladistic types and the occurrence seriation sequence. As we noted before, types h, c, f, u, and l are completely supported by cladistic and seriation analysis, whereas s and p are completely supported by seriation lower level, since the model suggests they should appear later.
The tree with class no. 26 (unipartite) as its outgroup led to the following proposal ( Fig. 11) : type u → type l/type c → type f → s/p/type h. This model is in contradiction with the late radiocarbon dates for types u and c, and with the early dates for plaques s. But, it seems to fit with the late location of type h. The stratigraphic data from Anta da Horta refutes the model completely, and there is strong evidence against it from Pedra Branca: the late position of type l, found only in the upper level; and the presence of all of the plaques s in the lower level when the model suggests they are late. 8. The late position of type u. The available radiocarbon dates do not contradict this inference. Type u is dated between 3030 cal BC at Monte Canelas (Faro) and 2897 cal BC at Anta da Horta (Portalegre). The stratigraphy of Anta da Horta is consistent with this hypothesis (cf., Oliveira 2006, p. 136ff.) , while at Pedra Branca it is not. Here, there are more type u plaques (and of more standardized characteristics) in the lower than in the upper level (Ferreira et al. 1975; Figs. 11, 12, and 13 
Conclusions
The systematic analysis carried out in this study has shed light on several questions which have been intensely debated during the last decades, but it has also allowed us to formulate several new points that had never before been discussed or even considered. The common ancestor of the entire assemblage of symbolic engraved plaques is a question that cannot yet be completely solved, although a number of relevant pointers are now available. The overall results of our approach show that there are currently two possible outgroups of this entire cultural phenomenon: on one hand, the classic plaques which many researchers have suggested are the oldest, and on the other hand, the figurative head plaques-type f. The new proposal of type f as a possible common ancestor is supported by the seriation analysis and, partly, by the cladistic results. We must, however, note that the radiocarbon and the stratigraphic information locate the other more anthropomorphic type [type c] at a more recent date, thus solving the dilemma cause by the seriation (Fig. 15) and by the trees displayed in Figs. 12 and 13. The idea of type f as the common ancestor would have several consequences for the current study of plaques, for instance, in relation to their area of origin, their diffusion routes, and their cultural antecedents. Unfortunately, there are currently no radiocarbon dates nor stratigraphic information associated with this type of plaque. Different types of plaques have been recovered inside the megalith of Jazigo de Alcarapinha (Elvas, Portalegre), while a single type f plaque was found on the mound (Leisner and Leisner 1959, p. 61) . The megalith of Monte da Velha 2 (Serpa, Beja) has two different levels with plaques. A single type f plaque was found in the oldest level, while the remaining plaques found at the site come from the upper level (Soares and Arnaud 1984) . Therefore, we must draw attention to the importance that should henceforth be given to the documentation of this type of plaque and to the analysis of its relationships to other types, such as the classic plaques.
At present, and based on the current data, there are firm grounds for considering the classic plaques as the common ancestor of this cultural phenomenon. The cladistic analysis carried out here together with the available radiocarbon and stratigraphic information supports this statement. Most authors maintain that these earliest plaques first appeared in the district of Évora (e.g., Hurtado 1995 Hurtado , 2009 Gonçalves 2006; Lillios 2008, p. 169; Calado 2010) . This is the most important megalithic area of the Iberian Peninsula and the place with the greatest quantity not only of classic plaques but also of the overall assemblage. However, the earliest dates available at present come from the western districts close to the Atlantic coast (cf., Table 6 and Fig. 2) . This issue will not be discussed here in further detail, since the geographical distribution of plaques has not been systematically analyzed in this paper.
Independently from their region of origin, the classic plaques are indeed those related to the earliest dates (Table 6 ). On the basis of the parameters used in our analyses, the data taken into consideration, and the evidence of independent outcomes converging into very similar inferences, the cladistic proposal put forward in Fig. 10 must be maintained as the most suitable today. However, an important problem is whether a single stylistic line and direction of change explains the evolution of the entire assemblage of plaques, from the earliest and most abstract (classics) to the more anthropomorphic types. The analyses carried out shed light on new evidence against this assumption.
The strong relationship between three of the most abstract types of plaques (classic, peculiar geometric, and hybrid) has been demonstrated. The seriation outcome locates these three types very close to one another (Fig. 15, letters s, p, and h) . Most of the phylogenetic trees indicate this outcome too, and particularly the tree derived from exercise no. 1, which assumes a classic plaque as the common ancestor (cf., Fig. 10 , letters s, p, and h). The available radiocarbon dates and the stratigraphic information also confirm the relationship between these three types of plaques. However, this taxonomical proximity must not necessarily be understood in chronological terms. The classic plaques existed throughout the entire chronological span of the engraved plaque phenomenon. However, type h is known only in the second half of the overall chronological span of plaques, that is, in the third millennium cal BC, but not before. According to the tree of Fig. 10 , type h would evolve from plaques s, but this would take place between 2897 and 2792 cal BC (cf., Table 6 and Fig. 16 ). Therefore, there is sufficient evidence to maintain that plaques of abstract symbology were present during the entire chronological duration of this phenomenon: classic plaques from the beginning to the end, and hybrids (with an even more abstract symbology than in the case of classics) only in the second half. At the same time, a series of anthropomorphic types of plaques emerged and evolved. This evidence supports the divergent (tree-like) evolutionary model and is contrary to a progressive and lineal model for the evolution of anthropomorphism in this particular category of material culture.
In this sense, the peculiar geometric plaques appear to have played a relevant role as ancestors of other types of plaques. According to Fig. 10 , type f seems to have evolved from plaques p or s. But, types l, u, and c certainly evolved from plaques p (in Fig. 10 , see class nos. 96 and 134 as the possible ancestors of the clade including types l, u, and c; Fig. 16 summarizes this issue in an easier way). The emergence of these types from plaques p took placed around 3030 cal BC in the case of type u, and 2966 cal BC in the case of type c. The late origin and chronological location of types l and u support the point noted above and constitute further evidence against the progressive lineal evolution of the anthropomorphism of plaques. The late chronological location of type u is confirmed by radiocarbon dates (3030-2897 cal BC) (Table 6 ) and the stratigraphic information does not disprove it. (Unfortunately, there is currently no chronological information related to type l.)
The taxonomical distance between the two most anthropomorphic plaques (types f and c) is another piece of evidence against a progressive lineal evolution leading toward the anthropomorphism of the engraved plaques. Occurrence seriation places them at the maximum distance possible, at both ends of the model (Fig. 15) . The tree of Fig. 10 places them in different clades, separated by plaques p. Type f could have evolved from the classic or the peculiar geometric plaques (Figs. 10 and 16 ), while type c may have evolved from the peculiar geometric plaques. This taxonomical distance is confirmed by the information provided by the archaeological contexts. Type c is almost exclusively found in the northern districts, such as Portalegre, Castelo Branco, Cáceres, Santarém, Leiria, and, rarely, in Évora. In contrast, type f is most common in the districts closest to the Atlantic coast, such as Beja, Leiria, Huelva, Lisboa, Setúbal, and Seville. Unfortunately, there is hardly any stratigraphic information related to type f, although this type always appears in the oldest levels in the few known cases noted above. The available stratigraphic information related to type c shows that this type is later than others, as is indicate by the sites of Anta da Bola de Cera (Oliveira 1997) and Anta da Horta (Oliveira 2006, p. 103ff.) . Radiocarbon dates support this observation, placing type c not before 2966 cal BC (Table 6) .
Based on a well-structured dataset and method, this paper has highlighted the lack of a lineal model but also the existence of a divergent model without a single directionality for the evolution of the anthropomorphic symbology of the Late Neolithic-Chalcolithic I engraved slate plaques of the Southwestern Iberian Peninsula. We believe that the absence of a more progressive pattern of traits and types of plaques as well as the structure and shape of the resulting evolutionary sequence must have a historical explanation, independently of whether we are able to unravel it or not. Future studies could improve the modeling of the evolutionary sequence of the engraved stone plaques set forward here, as well as inquire into its possible underlying reasons and historical factors. But above all, and on the basis of the models suggested here, they will be able to advance toward new historical and methodological questions that are beyond the scope of this paper, for instance, the models and geographical routes by which the plaques spread (see Greenhill and Gray 2005; Buchanan and Hamilton 2009; Lycett 2009; Russell et al. 2014 for a phylogeographic approach), the modes of replication and cultural transmission that underlie the production of this particular category of material culture, the social arena, and the specific roles of plaques within the funerary practices of these communities.
